Objectives: To study the associations between respiratory function in 18-year-old male subjects and birth weight, preterm delivery, and intrauterine growth restriction (IUGR). Methods: Population-based birth cohort. Subsamples of 118 male subjects with low birth weight (LBW) [< 2,500 g] and 236 male subjects with normal birth weight were examined at the age of 18 years. Results: In the crude analysis, subjects with LBW showed reductions in FEV 1 and FVC of 0.166 L and 0.141 L, respectively, compared to those born weighing > 2,500 g. These differences were not significant after adjustment for confounding. When subjects with LBW were stratified into those with preterm delivery and those with IUGR, the latter presented a significant reduction in both FEV 1 and FVC, when compared to the reference group. These differences also disappeared after adjustment for confounders. Preterm delivery per se was also not associated with poor lung function.
A number of authors 1, 2 have investigated the association between malnutrition in early life and the appearance of chronic diseases in adults, including pulmonary function deficits. The biological plausibility for such an association is that the fetus adapts its growth process in response to oxygen and nutrient restrictions, possibly leading to permanent structural and physiologic changes in the lungs. 3 The most frequently studied pulmonary function parameters are FEV 1 
and FVC.
A literature review identified 13 studies on this topic. Eight studies 4 -11 found a positive effect of birth weight on FEV 1 among school children, adolescents, and adults. However, another five studies [12] [13] [14] [15] [16] did not find significant associations. Vital capacity was also investigated in 13 studies. Whereas four authors 8 -11 found significant positive effects, another nine studies 4 -6,12-17 found direct-albeit nonsignificant-association. A difficulty encountered when evaluating such results is the use of distinct cutoff points for low birth weight (LBW) and the lack of uniformity in confounder selection. Such heterogeneity did not allow a formal meta-analysis to be carried out, and publication bias cannot be ruled out.
These studies had variable methodologic quality. The criteria of Downs and Black 18 were used to assess the quality of study design; this score ranges from 0 to 27 (mean score, 17.4). The most common flaws were failure to report the statistical power of the study and the lack of information about the representativeness of the sample. When the literature review was restricted to studies with a methodologic score of Ն 20, four of six studies 4, 5, 9, 11 reporting on LBW found an effect on FEV 1 , and two of four studies 11, 17 found an effect on FVC. Both of the high-quality studies 5, 9 reporting on the effect of preterm delivery on FEV 1 and FVC had positive findings. Also, both high-quality studies 5, 6 reporting on the effect of intrauterine growth restriction (IUGR) on FEV 1 found a significant effect, and two of the three studies 5,9 reporting on FVC also had positive findings.
A number of authors have investigated such effects by stratifying LBW children into those who were preterm and those with IUGR. Some studies 9, 16, 19 did not find an association between preterm birth and pulmonary function, indicating IUGR as the primary source for the overall associations with LBW.
The goal of this study was to study the association between LBW and its subgroups and pulmonary function in Brazilian teenagers. The subjects studied were male, approximately 18 years old, who have been followed up since birth on several occasions. This is one of the few cohort studies in developing countries 20 with a long follow-up period, and it may add to the existing literature that is largely based on studies from high-income countries, where all but 2 of the 14 studies 11,12 reviewed above were conducted.
Materials and Methods
In the period between January 1, 1982, and December 31, 1982, all 6,011 births occurring in the city of Pelotas, in southern Brazil, were studied. These births represent 99.2% of deliveries in this city during this period. The mothers were weighed, measured, and interviewed concerning socioeconomic, demographic, gestational, and health-related issues. The 5,914 live births were weighed using regularly calibrated pediatric scales (Filizolla; São Paulo, Brazil) with 10-g precision. Since then, this cohort was visited on several occasions, and mortality was also monitored. 21 In 2000, during compulsory military enlistment, male subjects included in the cohort were identified. Subjects who did not attend this examination were actively sought at their home addresses. Of the 3,037 boys born in 1982, 147 had died, and 2,250 were interviewed, weighed, and measured between July 2000 and January 2001. 21 Lung function tests were performed on those born weighing Ͻ 2,500 g. For each of them, another two comparison subjects were randomly selected with normal weight (Ն 2,500 g).
Sample size was calculated to detect a mean 0.2-L difference in FEV 1 between both groups, with 0.05 significance and 0.90 power, assuming a 0.50-L SD (median value found in the literature revised). Sample size was estimated in 119 subjects and 238 subjects in both groups, respectively.
Eight trained interviewers applied standardized questionnaires. The subjects were then taken to a room reserved for the examinations. A single trained interviewer measured weight and height. Height was measured using a stadiometer (CMS Instruments; London, UK) with 1-mm precision. Weight was registered using an electronic body fat analyzer scale (model TBF-305; Tanita Corporation; Tokyo, Japan). The subjects were in underwear during these measurements.
Pulmonary function measures were obtained by a single examiner (model S spirometer; Vitalograph; Buckingham, UK), calibrated on a daily basis with a 3-L syringe. After a demonstration, the subject would undertake a test, after which two satisfactory and repeatable curves were registered (Vitalogram Charts; Vitalograph). Examinations considered as satisfactory and repeatable were those with adequate curves and without artifacts, and for which the maximum difference between the curves was 150 mL. During the respiratory function tests, subjects were seated, wore a nasal clip, and used a disposable cardboard mouthpiece. Measures obtained were FEV 1 and FVC. The highest curve produced by each subject was selected for analysis. 22 Two trained examiners read the measurements separately, and mean value was calculated. For seven subjects, the two examiners differed by Ͼ 2 SDs; in these cases, an arbiter (pulmonologist) redid the measurements. None of the interviewers, examiners, or the arbiter had previous knowledge of the subjects' birth weight.
Initially, birth weight was analyzed as a dichotomous variable (Ͻ 2,500 g vs Ն 2,500 g). It was later included as a categorical variable, divided into 5 groups (Ͻ 2,000 g, Ն 2000 to Ͻ 2,500 g, Ն 2,500 to Ͻ 3,000 g, Ն 3,500 to Ͻ 4000 g, and Ն 4,000 g). IUGR was defined as birth weight below the 10th percentile for gestational age and sex, 23 and births were considered as preterm if gestational age was Ͻ 37 weeks (calculated based on date of last menstruation). Gestational age could not be estimated for 83 of the children included in this sample due to the mother not being able to recall the date of her last menstruation. These children were included in the "ignored" category.
Several variables collected in the initial stages of the study (1982) were considered as possible confounders. These included family income (in portion of the minimum wage per month), mother's schooling (completed years of study), mother's age (in years), mother's height (in centimeters), mother's weight at the beginning of pregnancy (in kilograms), number of cigarettes smoked daily during pregnancy (none, 1 to 14, and Ն 15 cigarettes), marital status (with or without partner), number of previous pregnancies, birth interval (in months), number of previous LBW children, number of antenatal care appointments, and presence of maternal or newborn morbidity (diabetes, hypertension, hemorrhage, eclampsia, and hyaline membrane). In addition, skin color was included (referred by the teenager in 2000) as a possible confounder. A number of variables were evaluated as potential mediators, including hospital admission for pneumonia during childhood, smoking, body mass index, occupation, physical activity, and respiratory diseases (wheezing during previous year and cold or flu during previous month).
In order to identify possible confounders, their associations with LBW ( 2 test) and mean FEV 1 and FVC (analyses of variance) were tested. For these analyses, the sample was weighted to reproduce the prevalence of LBW in the original cohort. Variables associated with exposure and outcomes at the p ϭ 0.20 level were included in a multiple linear regression through a generalized linear model. When indicated, the subject's height was included in this equation. Data were analyzed using statistical software (SPSS for Windows; SPSS; Chicago, IL; and STATA 7.0; StataCorp; College Station, TX). The analysis was repeated in order to compare the three different LBW groups (IUGR, preterm, and both) with the group of adolescents without LBW, IUGR, or preterm delivery.
Results
Of the 3,037 male subjects included in the cohort, 244 were born with LBW. Of these, 77.5% were located in 2000: 132 subjects were interviewed and 57 subjects were known to have died. Fifty-five subjects were not located, even after searching previous addresses. An additional 12 subjects attended the examination but due to logistic problems were not invited to the lung function tests. One hundred eighteen satisfactory pulmonary function tests were performed. There was one unsatisfactory examination among control subjects, which was replaced using another eligible subject. Table 1 presents mother and adolescent characteristics according to birth weight. The mothers of LBW children had lower income, schooling, height, and weight at the beginning of pregnancy and a greater prevalence of smoking during pregnancy. Gestation was 2.5 weeks shorter in the LBW group. In 2000, LBW subjects had lower schooling, height, and weight than the remainder of subjects. There was no significant difference concerning age or smoking (25.4% at Ͻ 2,500 g vs 23.4% at Ն 2500 g, p ϭ 0.77). Figures 1 and 2 show the distributions of FEV 1 and FVC in both groups. In spite of apparent asymmetry in distribution, deviation tests were not significant. For the LBW group, Shapiro-Wilks test results for FEV 1 and FVC were p ϭ 0.26 and p ϭ 0.90, respectively. The values obtained for the non-LBW group were p ϭ 0.37 and p ϭ 0.99 for FEV 1 and FVC, respectively.
Mean FEV 1 (Table 2 ) among LBW subjects was approximately 5% lower than that of the reference group (p ϭ 0.01). For the total sample, the weighted average of FEV 1 was 4.45 (SE, 0.04). Mean FVC was 4.80 L and 4.94 L (p ϭ 0.06), respectively; the weighted average equaled 4.94 (SE, 0.05). In the unadjusted analysis, there were significant trends toward an increase in FEV 1 and FVC along with an increase in birth weight. Subgroup comparison showed that IUGR children-and not preterm children-had decreased pulmonary function in relation to the reference group (term children with adequate birth weight and without IUGR).
Since there is an important association between respiratory function and height, it is common practice to adjust pulmonary function measures to this variable. Table 2 shows that results were substantially affected by this adjustment, with all differences losing their significance.
Linear regression results are presented in Table 3 . Other variables investigated as potential confounders or mediators were not associated (p Ͻ 0.20) with exposure or outcome, and were thus not included in the multivariate analysis.
FEV 1 values were significantly lower among LBW subjects in the crude analysis. For FVC, this difference was almost significant (p ϭ 0.06). However, results adjusted for confounders present at the time of birth, as well as those adjusted subjects' height, lost their significance. The partial correlation coefficients, adjusted for height and confounders, between birth weight in grams and FEV 1 and FVC, were Ϫ 0.005 and (p ϭ 0.93) and 0.071 (p ϭ 0.22), respectively. Table 3 also presents regression coefficients for the LBW subgroups compared to term children born weighing Ն 2,500 g and without IUGR. The latter alone was significantly associated with pulmonary function in crude analysis. However, such associations disappeared in the adjusted analysis.
Discussion
The prospective design used in the present study has a number of advantages. Information on exposure-birth weight and gestational age-and confounders was carried out shortly after delivery, thus avoiding recall bias. The inclusion of all births occurred in the city in the perinatal study and the use of random samples in the subsequent follow-up surveys contributed to preventing selection bias. The 2000 research team was blinded to the information obtained earlier in the cohort. In addition, all examinations were performed by a single examiner, ensuring the standardization of pulmonary function measurements. Subjects were studied at the same age, in contrast to studies that include subjects of different ages, thus requiring adjustment for age. In addition, pulmonary function was close to its peak (which is approximately at age 20 years) 3 in all subjects.
However, cohort studies may be affected by subjects unavailable for follow-up. In the present study, even after extensive searching through home visits, 21 22.5% of LBW subjects could not be traced. Subjects not available for follow-up did not vary markedly across socioeconomic categories, with at least 70% of subjects from each family income and maternal schooling category being located in 2000. 21 Another possible limitation was the manual reading of spirometry values, but there was excellent agreement between the two examiners. Unfortunately, due to the fact that the examinations had to be carried out in the context of several other measurements performed by the army medical team, it was not possible to perform more detailed assessments of lung function (such as bronchodilator response or flow-volume curves).
Because the design was based on birth weight, rather than gestational age, a number of IUGR children (12%) and preterm children (3.3%) were excluded; these children were born weighing Ն 2,500 g. Gestational age was assessed in 1982 by asking mothers about their last menstrual period, and a relatively large proportion (83 of 354 mothers) was unable to provide this information. Survival bias should also be considered since mortality in 1982 was three times greater among preterm children than among those with IUGR. 24 To examine the possibility of response bias, the 118 LBW subjects who produced satisfactory spirometric test results were compared with the remaining 69 LBW subjects in the cohort (excluding the 57 individuals who are known to have died). The mothers of subjects with satisfactory test results had a higher family income at birth (family income less than the minimum wage per month, 32.2% vs 15.7%, respectively, p ϭ 0.02), higher mean weight at the beginning of pregnancy (54.4 kg vs 50.9 kg, respectively, p ϭ 0.02), higher age (26.4 years vs 23.2 years, respectively, p ϭ 0.001), and lower prevalence of smoking during pregnancy (49.2% vs 65.2%, respectively, p ϭ 0.03). The adolescents had higher mean weight (63.6 kg vs 55.9 kg, respectively, p ϭ 0.03) and height (171.4 cm vs 166.6 cm, respectively, p ϭ 0.02) in 2000. There were no significant differences in terms of maternal education, height of mothers, gestational age, birth weight, schooling, and height and smoking of adolescents. Some degree of response bias is unavoidable in long-term cohort . ‡Excluded children born with LBW (Ͻ 2,500 g) with IUGR (n ϭ 21), preterm (n ϭ 4), and ignored gestational age (n ϭ 42). §Bonferroni test, p ϭ 0.003. ʈIgnored gestational age. ¶Excluded the ignored category.
studies, and this has to be taken into account when interpreting the present results. To produce bias in the results, a factor must be associated not only with the rate of follow-up but also with the outcome under study. Of the above-listed variables associated with birth weight, family income, weight at the beginning of pregnancy, maternal age, smoking, and height of 18-year-old subjects were also associated with lung function. However, all of these variables were included as confounders in the multivariable analysis and therefore were taken into account when comparing LBW with other subjects. Children born weighing Ͻ 2,500 g had 0.166-L and 0.141-L reductions in FEV 1 and FVC, respectively, when compared to those born with adequate weight. Such differences were no longer significant after confounder adjustment.
When, in crude analysis, children weighing Ͻ 2,500 g were separated into preterm and IUGR categories, the latter had 0.263 L and 0.302 L reductions in FEV 1 and FVC, respectively, when compared to children born with adequate weight, at term, and without IUGR. These differences disappeared in the adjusted analysis. Associations between IUGR and pulmonary function were also reported by Rona et al, 10 who found linear regression coefficients of 0.502 L and 0.475 L for FEV 1 and FVC, respectively, after adjusting for confounders. Lercher and Schmitzberger 9 also found significant adjusted coefficients for both measures (0.09 L and 0.08 L for FEV 1 and FVC, respectively). Another two studies did not find significant associations in adjusted analysis: Matthes et al 17 reported a 0.04-L reduction in FVC, and Nikolajev et al 14 reported only the lack of a significant association, without quantifying its magnitude. Preterm birth was not associated with any longterm effects on pulmonary function in both crude and adjusted analyses. This finding is in agreement with the preterm birth literature 9, 16, 19 reviewed, which argue that the main effect of preterm birth would be related to bronchial hyperreactivity rather than to pulmonary function. It is important to keep in mind that the preterm adolescent group is a highly selected one, because the neonatal mortality rate among preterm children was 104 per thousand newborns in 1982.
A few aspects of the statistical analysis deserve to be discussed. Adjustments for height are customary when studying the effects of LBW on pulmonary function. However, adolescent or adult height does not fulfill one of the requisites for being considered as a confounder. 25 In fact, height appears to be a mediating factor, since birth weight is also a determinant of adult stature (in the present sample, LBW subjects were 2.4 cm shorter than those without LBW). Height-adjusted analysis, therefore, would indicate a possible direct effect of birth weight on in utero pulmonary development, regardless of its effect on height. The interpretation of the present results, however, is clear, since the adjustment for confounders present at birth alone-even without including the subject's height in the model-was already sufficient to eliminate the associations observed.
Detailed information concerning childhood infections would be important for evaluating postnatal factors. Hospital admissions due to pneumonia and asthma were registered between 1982 and 1986 but were not associated with pulmonary function measures. This result differs from that found by Barker et al, 4 who found an effect of childhood illnesses independent of birth weight. Von Mutius et al 26 reported that it is not clear if pneumonia during childhood would result in a loss of pulmonary function or if pneumonia is already more frequent among children with poor pulmonary function in early childhood.
In short, the literature on the effect of LBW as a determinant of pulmonary function is suggestive but not fully consistent. The present results support the studies that did not find a significant association. Nevertheless, regardless of the absence of any significant effects, health programs must continue to promote reductions in LBW and IUGR prevalence, as well as in the number of preterm deliveries, since these constitute important risk factors for other outcomes, such as infant mortality. [27] [28] [29] 
